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(57) Abstract: An electrical circuit inspection system including an eyepiece operative to collimate light received from a portion of 
Q interest in an electrical circuit, a zoom and/or automatic focus video camera assembly receiving collimated light from the eyepiece 
and a display operative to receive a video output from the zoom video camera and to display a magnified image of the portion of 
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MICROSCOPE INSPECTION SYSTEM 

FIELD OF THE INVENTION 

The present invention relates to electrical circuit inspection systems generally and more 
particularly to electrical circuit inspection systems having automatic focus and zoom 
5 functionality. 

BACKGROUND OF THE INVENTION 

Electrical circuit inspection systems of various types are known in the ait. 
Generally, they do not include automatic focus and zoom functionalities. Magnifying video 
camera systems having automatic focus and zoom functionality are known in the art. 
10 Conventionally, systems of this type employ microscopes having such functionality upstream 
of the eyepiece. Such microscopes are complicated and very expensive. 

As line widths in electrical circuits decrease with advancing manufacturing 
technology, the importance of fine focus in inspection systems increases accordingly. 

SUMMARY OF THE INVENTION 

15 The present invention seeks to provide an electrical circuit mspection system 

which provides zoom and/or automatic focus functionality and employs standard optical 
components and which is substantially less expensive than prior art systems. 

There is thus provided in accordance with a preferred embodiment of the 
present invention an electrical circuit inspection system comprising a lens preferably operative 
20 to image substantially at infinity light received from a portion of interest in an electrical 
circuit; a zoom video camera assembly receiving light imaged substantially at infinity from the 
lens; and a display preferably operative to receive a Yideo output from the zoom video camera 
assembly and to display a magnified image of the portion of interest. 

In accordance with a preferred embodiment of the present invention the 
25 electrical circuit inspection system also includes a first stage lens preferably operative to view 
the portion of interest and to focus light therefrom onto a focal plane of the lens. 

Additionally, in accordance with a preferred embodiment of the present 
invention, the first stage lens is a relay lens preferably operative to provide a non-magnified 
image of a portion of interest in an electrical circuit. Alternatively the first stage lens is an 
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objective lens preferably operative to provide a magnified image of a portion of interest in an 
electrical circuit.. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the electrical circuit inspection system includes a positioner preferably operative to 
position the electrical circuit such that a portion of interest is viewed through the lens and 
preferably the positioner is operated by an output received from an automated optical 
inspection system which identifies regions of the electrical circuit thought possibly to include 
defects. 

Alternatively, in accordance with a preferred embodiment of the present 
invention, the electrical circuit inspection system includes a positioner preferably operative to 
position the electrical circuit such that a portion of interest is viewed through the first stage 
lens and preferably the positioner is operated by an output received from an automated optical 
inspection system which identifies regions of the electrical circuit thought possibly to include 
defects. 

Still alternatively, in accordance with a preferred embodiment of the present 
invention, the electrical circuit inspection includes a positioner preferably operative to position 
the electrical circuit such that a portion of interest is viewed through the relay lens and 
preferably the positioner is operated by an output received from an automated optical 
inspection system which identifies regions of the electrical circuit thought possibly to include 
defects. 

There is thus provided in accordance with a preferred embodiment of the 
present invention an electrical circuit inspection system including a lens preferably operative 
to substantially image at infinity light received from a portion of interest in an electrical 
circuit; an auto-focus video camera assembly receiving light imaged substantially at infinity 
from the lens; and a display preferably operative to receive a video output from the auto-focus 
video camera and to display an automatically focused image of the portion of interest in an 
electrical circuit. 

In accordance with a preferred embodiment of the present invention the 
electrical circuit inspection system also includes a first stage lens preferably operative to view 
the portion of interest in the electrical circuit and to focus light therefrom onto a focal plane of 
the lens. 
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Additionally, in accordance with a preferred embodiment of the present 
invention, the first stage lens is a relay lens preferably operative to provide a non-magnified 
image of a portion of interest in an electrical circuit Alternatively, the first stage lens is an 
objective lens preferably operative to provide a magnified image of a portion of interest in an 
5 electrical circuit. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the electrical circuit inspection system includes a positioner preferably operative to 
position the electrical circuit such that a portion of interest is viewed through the lens and 
preferably the positioner is operated by an output received from an automated optical 
10 inspection system which identifies regions of the electrical circuit thought possibly to include 
defects. 

Alternatively, in accordance with a preferred embodiment of the present 
invention, the electrical circuit inspection system includes a positioner preferably operative to 
position the electrical circuit such that a portion of interest is viewed through the first stage 
15 lens and preferably the positioner is operated by an output received from an automated optical 
inspection system which identifies regions of the electrical circuit thought possibly to include 
defects. 

Still alternatively, in accordance with a preferred embodiment of the present 
invention, the electrical circuit inspection system includes a positioner preferably operative to 
20 position the electrical circuit such that a portion of interest is viewed through the relay lens 
and preferably the positioner is operated by an output received from an automated optical 
inspection system which identifies regions of the electrical circuit thought possibly to include 
defects. 

There is thus provided in accordance with a preferred embodiment of the 
25 present invention an electrical circuit inspection system including a lens preferably operative 
to substantially image at infinity light received from a portion of interest in an electrical 
circuit; a zoom and automatic focus video camera assembly receiving light imaged 
substantially at infinity from the lens; and a display preferably operative to receive a video 
output from the zoom and automatic focus video camera and to display a magnified and 
30 automatically focused image of the portion of interest. 
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electrical circuit inspection system also includes a first stage lens preferably operative to view 
the portion of interest and to focus light therefrom onto a focal plane of the lens. 

Additionally in accordance with a preferred embodiment of the present 
invention, the first stage lens is a relay lens preferably operative to provide a non-magnified 
5 image of a portion of interest in an electrical circuit. Alternatively, the first stage lens is an 
objective lens preferably operative to provide a magnified image of a portion of interest in an 
electrical circuit. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the electrical circuit inspection includes a positioner preferably operative to position 
10 the electrical circuit such that a portion of interest is viewed through the lens and preferably 
the positioner is operated by an output received from an automated optical inspection system 
which identifies regions of the electrical circuit thought possibly to include defects. 

Alternatively in accordance with a preferred embodiment of the present 
invention, the electrical circuit inspection system includes a positioner preferably operative to 
15 position the electrical circuit such that a portion of interest is viewed through the first stage 
lens and preferably the positioner is operated by an output received from an automated optical 
inspection system which identifies regions of the electrical circuit thought possibly to include 
defects. 

Still alternatively in accordance with a preferred embodiment of the present 
20 invention, the electrical circuit inspection system includes a positioner preferably operative to 
position the electrical circuit such that a portion of interest is viewed through the relay lens 
and preferably the positioner is operated by an output received from an automated optical 
inspection system which identifies regions of the electrical circuit thought possibly to include 
defects. 

25 There is thus provided in accordance with a preferred embodiment of the 

present invention an inspection system including a lens preferably operative to image 
substantially at infinity light received from a region of interest, a zoom and/or automatic focus 
video camera assembly receiving light from the lens imaged substantially at infinity and a 
display preferably operative to receive a video output from the zoom and/or automatic focus 

30 video camera and to display a magnified image of the region of interest. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Hie present invention will be understood and appreciated more fully from the 
following detailed description, taken in conjunction with the drawings in which: 

Fig. 1 is a simplified pictorial illustration of an electrical circuit inspection 
system constructed and operative in accordance with a preferred embodiment of the present 
invention; 

Figs. 2A & 2B are simplified illustrations of two embodiments of the system of 

Fig. 1; and 



Figs. 3 A & 3B are simplified optical illustrations of the embodiments of Figs. 
2A & 2B respectively. 
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

Reference is now made to Fig. 1, which is a simplified pictorial illustration of 
an electrical circuit inspection system constructed and operative in accordance with a preferred 
embodiment of the present invention. As seen in Fig. 1, an output from an automatic optical 
5 inspection station 10 is received by a positioner 12 which suitably positions an electrical 
circuit, such as a printed circuit board 14, under a microscope 1 6. 

The automatic optical inspection station 10 may be any suitable automatic 
optical inspection station and is preferably a Model PC Micro II commercially available from 
Orbotech, Ltd. of Yavne, Israel. The positioner 12 may be any suitable positioner and is 
10 preferably a positioner such as that incorporated in a Model VRS 4M, commercially available 
from Orbotech, Ltd. of Yavne, Israel. 

A lens forming part of microscope 16, receives light from a portion 17 of the 
printed circuit board 14, to which an operator's attention is directed by the output from the 
automatic optical inspection station 10 which suitably positions that portion in the field of 

15 view of the microscope 16. In accordance with a preferred embodiment of the present 
invention, a zoom and/or automatic focus video camera assembly 18 forming part of the 
microscope 16 is disposed downstream of the lens to receive light from the lens that is 
substantially imaged at infinity so as to be substantially collimated. A display 20 receives a 
video output from the camera assembly 18 and displays a magnified image of the portion 17 of 

20 the printed circuit board 14 in which a defect is believed to possibly exist so that the operator 
may decide whether the defect is a real defect or a false alarm. 

In accordance with a preferred embodiment of the present invention the camera 
assembly 18 is preferably a Sony Model FCB-1X47P which provides both zoom and 
automatic focus functionality. The display 20 may be any suitable high resolution display, 
25 such as a Model PVM-14M4E 14" Sony color video monitor. 

Reference is now made to Figs. 2A & 2B, which are simplified illustrations of 
two embodiments of the system of Fig. 1. As seen in Fig. 2A, the portion of interest 17 on a 
printed circuit board 14 is viewed via a lens, which is preferably a first stage lens such as a 
relay objective lens 22, and subsequently via an eyepiece 24. Light from the eyepiece 24 is 
30 received by camera assembly 18, typically including its own viewing optics 19, which 
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provides an output to display 20. 

A preferred relay objective lens 22 is a Carl Zeiss S-Planar 74mm f/4 lens and a 
preferred eyepiece is a Leitz Wetzlar Periplan GW 6.3x 39.7 mm lens. 

Fig. 2B illustrates an alternative embodiment of the invention, wherein the 
5 relay objective lens 22 is obviated and an infinity corrected objective lens 34 is employed. 
The printed circuit board 14 is placed substantially in the focal plane of infinity corrected 
objective lens 34 to form an image substantially at infinity. The image formed by infinity 
corrected objective lens 34 can be viewed directly by camera assembly 18 provided that 
viewing optics 19 are employed. In the embodiment of Fig. 2B, due to the absence of relay 
10 objective lens 22, microscope 16 must be placed much closer to the printed circuit board 14 as 
compared to the embodiment of Fig. 2 A. 

Reference is now made to Figs. 3A & 3B, which are simplified optical 
illustrations of the embodiments of Figs. 2A & 2B respectively. Turning to Fig. 3 A, it is seen 
that relay objective lens 22, whose focal point is indicated as Fl, is preferably separated from 

15 the printed circuit board 14 by a distance of about 148 mm. The eyepiece 24 is preferably 
separated from the relay objective lens 22 by 187.7 mm and its focal point is indicated as F2. 
It is noted that relay objective lens 22 preferably is located a distance of 2xFl from the surface 
being viewed of printed circuit board 14, and that the focal point F2 of eyepiece 24 adjacent 
the relay objective lens 22 is located at a distance of 2xFl from the relay objective lens 22. It 

20 is appreciated that relay objective lens 22 may be substituted by any suitable objective lens 
operative to form an intermediate image in the vicinity of focal plane f2 of eyepiece 24, and 
that such intermediate image may be with or without magnification. 

Fig. 3A also illustrates viewing optics 19 and a CCD focal plane 28 of camera 
assembly 18 (Fig. 2A). The focal length of viewing optics 19 is indicated as F3. Preferably, 
25 the focal length ratio between viewing optics 19 and eyepiece 24 is such that a 2 - 3 times 
magnification is produced at the focal plane 28. 

Turning to Fig. 3B, it is seen that infinity corrected objective lens 34, whose 
focal point is indicated as F4, is preferably separated from the printed circuit board 14 by the 
focal length f4. 



30 



Fig. 3B also illustrates viewing optics 36 and a CCD focal plane 38 of camera 
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assembly 18. Preferably, the focal length ration between viewing optics 36 and objective lens 
34 is such that 2-3 times magnification is produced at the focal plane 38. 

It is appreciated that although the present invention has been described 
particularly within the context of an electrical circuit inspection device, it may be applicable 
equally to any other suitable type of video microscopy application, system and method. 

It will be appreciated by persons skilled in the art that the present invention is 
not limited by what has been particularly shown and described hereinabove. Rather the scope 
of the present invention includes both combinations and subcombinations of the various 
features described hereinabove as well as variations and modifications which would occur to 
persons skilled in the art upon reading the specification and which are not in the prior art 
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CLAIMS 

1 . An electrical circuit inspection system comprising: 

a lens operative to image substantially at infini ty light received from a portion 
of interest in an electrical circuit; 

5 a zoom video camera assembly receiving light imaged substantially at infinity 

from said lens; and 

a display operative to receive a video output from said zoom video camera 
assembly and to display a magnified image of the portion of interest. 

2. An electrical circuit inspection system according to claim 1 and also 
10 comprising a first stage lens operative to view said portion of interest and to focus light 

therefrom onto a focal plane of said lens. 

3. An electrical circuit inspection system according to claim 2 and wherein said 
first stage lens is a relay lens operative to provide a non-magnified image of said portion of 
interest in an electrical circuit. 

15 4. An electrical circuit inspection system according to claim 2 and wherein said 

first stage lens is an objective lens operative to provide a magnified image of said portion of 
interest in an electrical circuit.. 

5. An electrical circuit inspection system according to claim 1 and also 
comprising a positioner operative to position said electrical circuit such that said portion of 

20 interest is viewed through said lens. 

6. An electrical circuit inspection system according to claim 5 and wherein said 
positioner is operated by an output received from an automated optical inspection system 
which identifies regions of said electrical circuit thought possibly to include defects. 

7. An electrical circuit inspection system according to claim 2 and also 
25 comprising a positioner operative to position said electrical circuit such that said portion of 

interest is viewed through said first stage lens. 

8. An electrical circuit inspection system according to claim 7 and wherein said 
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positioner is operated by an output received from an automated optical inspection system 
which identifies regions of said electrical circuit thought possibly to include defects. 

9- An electrical circuit inspection system according to claim 3 and also 

comprising a positioner operative to position said electrical circuit such that said portion of 
interest is viewed through said relay lens. 

1°- An electrical circuit inspection system according to claim 9 and wherein said 

positioner is operated by an output received from an automated optical inspection system 
which identifies regions of said electrical circuit thought possibly to include defects. 

11. An electrical circuit inspection system comprising: 

a lens operative to substantially image at infinity light received from a portion 
of interest in an electrical circuit; 

an auto-focus video camera assembly receiving light imaged substantially at 
infinity from said lens; and 

a display operative to receive a video output from said auto-focus video camera 
and to display an automatically focused image of the portion of interest in an electrical circuit. 

12. An electrical circuit inspection system according to claim 11 and also 
comprising a first stage lens operative to view said portion of interest in an electrical circuit 
and to focus light therefrom onto a focal plane of said lens. 

13- An electrical circuit inspection system according to claim 12 and wherein said 

first stage lens is a relay lens operative to provide a non-magnified image of said portion of 
interest in an electrical circuit 

14. An electrical circuit inspection system according to claim 12 and wherein said 
first stage lens is an objective lens operative to provide a magnified image of said portion of 
interest in an electrical circuit. . 

15. An electrical circuit inspection system according to claim 11 and also 
comprising a positioner operative to position said electrical circuit such that said portion of 
interest is viewed through said lens. 
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16 - An electrical circuit inspection system according to claim 15 and wherein said 
positioner is operated by an output received from an automated optical inspection system 
which identifies regions of said electrical circuit thought possibly to include defects. 

1 7 - An electrical circuit inspection system according to claim 12 and also 
comprising a positioner operative to position said electrical circuit such that said portion of 
interest is viewed through said first stage lens. 

18. An electrical circuit inspection system according to claim 17 and wherein said 

positioner is operated by an output received from an automated optical inspection system 
which identifies regions of said electrical circuit thought possibly to include defects. 

An electrical circuit inspection system according to claim 13 and also 
comprising a positioner operative to position said electrical circuit such that said portion of 
interest is viewed through said relay lens. 

20. An electrical circuit inspection system according to claim 19 and wherein said 
positioner is operated by an output received from an automated optical inspection system 
which identifies regions of said electrical circuit thought possibly to include defects. 

21 . An electrical circuit inspection system comprising: 

a lens operative to substantially image at infinity light received from a portion 
of interest in an electrical circuit; 

a zoom and automatic focus video camera assembly receiving light imaged 
substantially at infinity from said lens; and 

a display operative to receive a video output from said zoom and automatic 
focus video camera and to display a magnified and automatically focused image of the portion 
of interest. 

22. An electrical circuit inspection system according to claim 21 and also 
comprising a first stage lens operative to view said portion of interest and to focus light 
therefrom onto a focal plane of said lens. 

23. An electrical circuit inspection system according to claim 22 and wherein said 
first stage lens is a relay lens operative to provide a non-magnified image of said portion of 
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interest in an electrical circuit. 

24. An electrical circuit inspection system according to claim 22 and wherein said 
first stage lens is an objective lens operative to provide a magnified image of said portion of 
interest in an electrical circuit 

25. An electrical circuit inspection system according to claim 21 and also 
comprising a positioner operative to position said electrical circuit such that said portion of 
interest is viewed through said lens. 

26. An electrical circuit inspection system according to claim 25 and wherein said 
positioner is operated by an output received from an automated optical inspection system 
which identifies regions of said electrical circuit thought possibly to include defects. 

27. An electrical circuit inspection system according to claim 22 and also 
comprising a positioner operative to position said electrical circuit such that said portion of 
interest is viewed through said first stage lens. 

28. An electrical circuit inspection system according to claim 27 and wherein said 
positioner is operated by an output received from an automated optical inspection system 
which identifies regions of said electrical circuit thought possibly to include defects. 

29. An electrical circuit inspection system according to claim 23 and also 
comprising a positioner operative to position said electrical circuit such that said portion of 
interest is viewed through said relay lens. 

30- An electrical circuit inspection system according to claim 29 and wherein said 

positioner is operated by an output received from an automated optical inspection system 
which identifies regions of said electrical circuit thought possibly to include defects. 

31 • An inspection system including a lens operative to image substantially at 

infinity light received from a region of interest, a zoom and/or automatic focus video camera 
assembly receiving light from the lens imaged substantially at infinity and a display operative 
to receive a video output from the zoom and/or automatic focus video camera and to display a 
magnified image of the region of interest. 
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